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MULTI-BIT NON-VOLATILE MEMORY 
DEVICE HAVING A DUAL-GATE AND 

METHOD OF MANUFACTURING THE SAME, 
AND METHOD OF MULTI-BIT CELL 

OPERATION 

This Nonprovisional application claims priority under 35 
U.S.C. §l 19(a) on Patent Application No. 10-2005-0033697 
?led in Korea on Apr. 22, 2005, the entire contents of Which 
are hereby incorporated by reference. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to non-volatile memory 

devices and method of manufacturing the same. More par 
ticularly, the present invention relates to a multi-bit non 
volatile memory device having a dual gate structure, and 
method of manufacturing the same, and an operating method 
for a multi-bit cell operation. 

2. Discussion of RelatedArt 
A ?ash memory, i.e., a non-volatile memory device in 

Which data can be electrically programmed/erased/read can 
be higher integrated and have a superior data integrity. There 
fore, the ?ash memory can be used as an auxiliary memory of 
a system and can also be applied to DRAM interface. 

The ?ash memory has been designed toWard a direction in 
Which the level of integration is increased and the siZe is 
miniaturized. HoWever, in the case Where a device structure of 
an existing 2 dimensional channel is employed, a short chan 
nel effect, such as an increase in the leakage current, is gen 
erated When the device siZe shrinks. Accordingly, a problem 
arises because the integration is limited. To reduce the short 
channel effect, 30 nm grade triple gate non-volatile memory 
cells employing a multi gate pin FET structure, a charge 
trapping type structure, such as MNOS (Metal Nitride Oxide 
Semiconductor) and MONOS (Metal Oxide Nitride Oxide 
Semiconductor), and a SONOS (Poly-Silicon Oxide Nitride 
Oxide Semiconductor) structure Was fabricated. HoWever, 
there is a problem in that the related art gate structures do not 
suf?ciently reduce the short channel effect. 

Furthermore, the related art triple gate non-volatile 
memory cells operate l-bit. Accordingly, there is an urgent 
need for multi-bit techniques in Which 2-bit or more data can 
be stored per cell in order to loWer the cost perbit and increase 
the degree of integration. In other Words, for the purpose of 
higher integration of the memory, there is a need for a gate 
structure capable of reducing the short channel effect and a 
multi-bit structure capable of storing 2-bit or more data. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been made in vieW 
of the above problems occurring in the prior art, and it is an 
object of the present invention to provide a multi-bit non 
volatile memory device employing a dual gate structure, and 
method of manufacturing the same. 

It is another object of the present invention to provide 
program/erase/read conditions for a multi-bit cell operation 
of a multi-bit non-volatile memory device employing a dual 
gate structure. 
A method of manufacturing a multi-bit non-volatile 

memory device having a dual gate structure according to an 
aspect of the present invention comprises the steps of (a) 
sequentially forming a silicon substrate, a loWer insulating 
?lm and silicon, (b) patterning the hard mask pattern and the 
silicon using a mask so that U shapes are opposite to each 
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2 
other at the center of the silicon, Whereby a silicon pin in 
Which a source region and a drain region are formed on both 
sides on the basis of the center of the silicon, (c) stripping the 
hard mask pattern, groWing a tunneling oxide ?lm through an 
oxidiZation process, and sequentially groWing an electron 
trap ?lm for trapping electrons and a control oxide ?lm on the 
tunneling oxide ?lm, (d) depositing a gate material of a poly 
silicon or metal material on the ?lm structure and then inject 
ing an impurity or metal material, (e) etching the gate material 
deposited on the silicon pin to separate gate regions that are 
combined in the (d) step, (f) forming a gate mask on the 
silicon pin and patterning the gate regions using a gate mask, 
and (g) injecting an impurity in order to form source/drain 
regions in the silicon pin. 

Furthermore, the hard mask pattern in the step (b) may have 
an H shape in Which U shapes are opposite to each other at the 
center. 

Furthermore, in the step (b), the silicon pin may be formed 
to have a shape having corners at the combine region of the 
source/ drain regions. 

Furthermore, in the step (b), the silicon pin may be formed 
to have a different Width depending on a location. 

Furthermore, When groWing the tunneling oxide ?lm in the 
step (c), oxygen ion may be injected into both sides on the 
basis of the center of the silicon pin at a controlled implanta 
tion angle. 

Furthermore Wherein When groWing the tunneling oxide 
?lm in the step (c), high-k materials With different dielectric 
constants on both surfaces on the basis of the silicon pin. 

Furthermore, the charge trap ?lm in the step (c) may be 
formed to have an Oxide/Nitride/Oxide (ONO) structure in 
Which a nitride ?lm and a control oxide ?lm are sequentially 
deposited on the tunneling oxide ?lm. 

Furthermore, the charge trap ?lm in the step (c) may be 
formed to have a ?oating gate memory structure using one or 
more of silicon, germanium and metal nanocrystal. 

Meanwhile, the step (d) of injecting the impurity, injecting 
a n+ type impurity into one of gates on the basis of the center 
of the silicon pin at a controlled implantation angle. 
The method may further comprise the step of depositing a 

screen oxide layer on the dual gate, injecting ion and then 
removing the screen oxide layer in order to remove a chan 
neling effect in Which ion reaches the silicon substrate 
through the dual gate When an impurity is injected. 

MeanWhile, the step (d) of injecting the metal materials 
With different Work functions on both surfaces on the basis of 
the center of the silicon pin at a controlled implantation angle. 
The metal materials With the different Work functions may 

comprise a metal material having a Work function of 5 eV or 
high and a metal material having a Work function of 4 eV or 
less. 

Furthermore, in the step (d), after an undoped gate material 
and a metal material are sequentially deposited, different 
types of impurities, of an n type or p type, may be implanted 
into both sides on the basis of the center of the silicon pin by 
controlling the implantation angle of the impurity (large 
angle tilted implantation) and a subsequent thermal process 
may be then performed. 

Furthermore, in the step (d), after an undoped gate material 
is deposited, different types of impurities may be implanted 
into both sides on the basis of the silicon pin by controlling the 
implantation angle of the impurity, the metal material may be 
deposited on the gate material arid silicide having different 
Work functions may be then formed through a subsequent 
thermal process. 

MeanWhile, in the step (d), after nickel is deposited on a 
gate material that is doped With an implantation angle being 
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controlled as an n type and a p type, NiSi may be formed 
through a subsequent thermal process to form a metal elec 
trode having a Work function of 4 eV on one side and to form 
a metal electrode having a Work function of 5 eV on the other 
side. 

In this case, in the step (d) of implanting the impurity for 
forming the dual gate, in the case Where a dual gate having an 
asymmetrical equivalent tunneling oxide ?lm and an asym 
metrical Work function is formed, after an n type impurity 
having a high concentration of a n+ type is implanted deep 
into the silicon pin Where the dual gate on Which a thin 
equivalent tunneling oxide ?lm Will be groWn Will be formed 
at a controlled implantation angle, a p type impurity having a 
loW concentration of a p— type may be implanted deep into the 
silicon pin in Which a gate on Which a thick equivalent tun 
neling oxide ?lm Will be groWn Will be formed at a controlled 
implantation angle, and a p type impurity having a high con 
centration of a p+ type is implanted shalloWly into the silicon 
pin in Which the same gate Will be formed at a controlled 
implantation angle. 

In this case, in the step (d) of implanting the impurity for 
forming the dual gate, in the case Where a dual gate having an 
asymmetrical equivalent tunneling oxide ?lm and an asym 
metrical Work function is formed, after a p type impurity 
having a high concentration of a p+ type is implanted deep 
into the silicon pin Where a gate on Which a thin equivalent 
tunneling oxide ?lm Will be groWn Will be formed at a con 
trolled implantation angle, an n type impurity having a loW 
concentration of a n— type may be implanted deep into the 
silicon pin in Which a gate on Which a thick equivalent tun 
neling oxide ?lm Will be groWn Will be formed at a controlled 
implantation angle, and an n type impurity having a high 
concentration of a n+ type may be implanted shalloWly into 
the silicon pin in Which the same gate Will be formed at a 
controlled implantation angle. 

Furthermore, the step of implanting the impurity may fur 
ther comprise the step of depositing a screen oxide layer on 
the dual gate, injecting ion and then removing the screen 
oxide layer. 

MeanWhile, the step of implanting the impurity may fur 
ther comprise the step of depositing a screen oxide layer on 
the dual gate, injecting ion and then removing the screen 
oxide layer. 

MeanWhile, the step (g) of implanting the impurity in order 
to form the source/drain regions may comprise the step of 
implanting the impurity only in one direction Where the 
source/drain regions Will be formed on the basis of the center 
of the silicon pin. 

MeanWhile, in accordance With another aspect of the 
present invention, the objects can also be accomplished by a 
multi-bit non-volatile memory device having a dual gate 
structure, Which is comprising: a silicon substrate; a loWer 
insulating ?lm is formed on the silicon substrate; a silicon 
layer is formed on the loWer insulating ?lm and, having a 
silicon pin at the center of the silicon in Which a source region 
and a drain region are formed on both sides and the silicon pin 
is formed to have a shape having corners at the combine 
region of the source/drain regions; sequentially formed tun 
neling oxide ?lm, electron trap ?lm and a control oxide ?lm 
on the basis of the center of the silicon pin; gate metariel on 
the control oxide ?lm on the basis of the center of the silicon 
pin. 

Furthermore, in accordance With The memory device, 
Wherein the source/drain regions asymmetrically formed in 
the silicon channel, and the silicon pin is formed to have a 
Wide region at the source region than drain region. 
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4 
Furthermore, the memory device, Wherein the tunneling 

oxide ?lms on the both side of the silicon pin having a differ 
ent Width or dielectric constants. 

Furthermore, the memory device, Wherein the tunneling 
oxide ?lms on the both side of the silicon pin having a differ 
ent Width or dielectric constants. 

Furthermore, in accordance With another aspect of the 
present invention, the objects can also be accomplished by a 
method of operating a multi-bit non-volatile memory device 
having a dual gate structure, Wherein in a program operation 
for implanting electrons into the electron trap ?lm, a high 
voltage is applied to a source or drain that tries to trap elec 
trons, thus generating hot electrons, and hot electrons gener 
ated through a gate voltage are pulled toWard the gate so that 
the electrons are trapped at the electron trap ?lm of the source 
or drain-side silicon pin corners. 

Furthermore, in accordance With further another aspect of 
the present invention, the objects can also be accomplished by 
a method of operating a multi-bit non-volatile memory device 
having a dual gate structure, Wherein in an erase operation of 
electrons trapped at the electron trap ?lm, a method of apply 
ing a high voltage to a source or drain that tries to erase 
electrons, applying a minus (—) voltage to the gate so that 
holes generated by tunneling are trapped at the electron trap 
?lm of the source or drain-side silicon pin corners, and com 
bining the trapped holes With electrons that have been trapped 
in the program operation and then erasing the holes is 
employed. 

Furthermore, in accordance With further another aspect of 
the present invention, the objects can also be accomplished by 
a method of operating a multi-bit non-volatile memory device 
having a dual gate structure, Wherein in a read operation of 
electrons trapped at the electron trap ?lm, values of threshold 
voltages betWeen a normal direction read (VD>VS) condition 
and a reverse direction read (VD<VS) condition are different 
depending on a location Where the electrons are trapped. 

In this case, in the case Where a read operation is performed 
on a program in Which electrons are trapped at the electron 
trap ?lm of drain-side silicon pin comers, the reverse direc 
tion read (V D<VS) condition having an opposite direction to 
that of an operating voltage (VD>VS) of the program may be 
employed. In the case Where a read operation is performed on 
a program in Which electrons are trapped at the electron trap 
?lm of source-side silicon pin comers, the normal direction 
read (V D>VS) condition having an opposite direction to that 
of an operating voltage (VD<VS) of the program may be 
employed. 

Furthermore, in accordance With further another aspect of 
the present invention, the objects can also be accomplished by 
a method of operating a multi-bit non-volatile memory device 
having a dual gate structure, in a read operation, a 2-bit 
operation can be implemented using both normal and reverse 
direction read conditions. 

Furthermore, in accordance With further another aspect of 
the present invention, the objects can also be accomplished by 
a method of operating a multi-bit non-volatile memory device 
having a dual gate structure, in a read operation, a 2-bit 
operation can be implemented employing any one of normal 
and reverse direction read conditions by using different 
threshold voltages. 

In this case, in the read operation, a 3-bit operation can be 
implemented using both the normal and reverse direction read 
conditions. 

Furthermore, in accordance With further another aspect of 
the present invention, the objects can also be accomplished by 
a method of operating a multi-bit non-volatile memory device 
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having a dual gate structure, in a read operation, a 4-bit 
operation can be implemented using both normal and reverse 
direction read conditions. 

Furthermore, in accordance With further another aspect of 
the present invention, the objects can also be accomplished by 5 
a method of operating a multi-bit non-volatile memory device 
having a dual gate structure, in a read operation, a 4-bit 
operation can be implemented employing any one of normal 
and reverse direction read conditions by using different 
threshold voltages. 

In this case, in the read operation, a 5-bit operation can be 
implemented using both the normal and reverse direction read 
conditions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more compete appreciation of the invention, and many of 
the attendant advantages thereof, Will be readily apparent as 
the same becomes better understood by reference to the fol 
loWing detailed description When considered in conjunction 
With the accompanying draWings in Which like reference 
symbols indicate the same or similar components, Wherein: 

FIGS. 1a to lg are perspective vieWs sequentially illustrat 
ing a method of manufacturing a multi-bit non-volatile 
memory device having a dual gate structure according to an 
embodiment of the present invention; 

FIG. 2a is a cross-sectional vieW of a 2-bit non-volatile 
memory device of the dual gate structure, Which employs 
local charge trap and normal/reverse direction read condi 
tions, according to a ?rst embodiment of the present inven 
tion, FIG. 2b is a table illustrating program/erase/read condi 
tions for an operation, and FIG. 20 is a graph illustrating 
voltage and current characteristics depending on logic values; 

FIG. 3a is a cross-sectional vieW of a 2-bit non-volatile 
memory device of the dual gate structure, Which employs 
local charge trap and only a normal direction read condition 
according to an embodiment of the present invention, FIG. 3b 
is a table illustrating program/erase/read conditions for an 
operation, and FIG. 30 is a graph illustrating voltage and 
current characteristics depending on logic values; 

FIG. 4a is a cross-sectional vieW of a 3-bit non-volatile 
memory device of the dual gate structure, Which employs 
local charge trap and normal/reverse direction read condi 
tions, according to an embodiment of the present invention, 
FIG. 4b is a table illustrating program/erase/read conditions 
for an operation, and FIG. 40 is a graph illustrating voltage 
and current characteristics depending on logic values; 

FIGS. 5a and 5b are a cross-sectional vieW of a 4-bit 
non-volatile memory device of the dual gate structure, Which 
employs local charge trap and normal/reverse direction read 
conditions, according to an embodiment of the present inven 
tion, and a table illustrating program/read conditions for an 
operation; 

FIGS. 6a and 6b are a cross-sectional vieW of a 4-bit 
non-volatile memory device of the dual gate structure, Which 
employs local charge trap and only a normal direction read 
condition, according to an embodiment of the present inven 
tion, and a table illustrating program/read conditions for an 
operation; and 

FIGS. 7a and 7b are a cross-sectional vieW of a 5-bit 
non-volatile memory device of the dual gate structure, Which 
employs local charge trap and normal/reverse direction read 
conditions, according to an embodiment of the present inven 
tion, and a table illustrating program/read conditions for an 
operation. 
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6 
DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS 

In the folloWing detailed description, only certain exem 
plary embodiments of the present invention have been shoWn 
and described simply by Way of illustration. As those skilled 
in the art Will realiZe, the described embodiment may be 
modi?ed in various different Ways, all Without departing from 
the spirit or scope of the present invention. Accordingly, the 
draWings and description are to be regarded as illustrative in 
nature and not restrictive. Like reference numerals designate 
like elements throughout. 

FIGS. 1a to lg are perspective vieWs sequentially illustrat 
ing a method of manufacturing a multi-bit non-volatile 
memory device having a dual gate structure according to an 
embodiment of the present invention. 

Referring to FIG. 1a, to fabricate the multi-bit non-volatile 
memory device having the dual gate structure, a silicon sub 
strate 1, a loWer insulating ?lm 2, silicon 3 and a hard mask 4 
are sequentially laminated. The hard mask 4 may be formed 
using a material that Will not be etched in a subsequent silicon 
anisotropic etching. 

Referring to FIG. 1b, the silicon pin 3 is anistropically 
etched using the hard mask 4 pattern as a mask to form a 
pattern of a silicon pin 3 in Which a channel Will be formed 
and a silicon region in Which the source/drain Will be formed. 
Accordingly, When vieWed from a plan vieW, patterns in 
Which U shapes are opposite to each other at the center of the 
substrate are removed Whereby the silicon pin 3 has an “H” 
shape. Therefore, a Width of the channel is varied depending 
on a location and a channel Width at the central portion 
becomes narroWer than that on the source or drain side. 

Referring to FIG. 10, after the hard mask 4 is stripped, a 
tunneling oxide ?lm is groWn using an oxidiZation process. 
To capture electrons, a nitride ?lm and a control oxide ?lm are 
sequentially deposited. A structure in Which the tunneling 
oxide ?lm, the nitride ?lm and the control oxide ?lm are 
sequentially deposited (hereinafter, referred to as “‘ONO 
(Oxide/N itride/ Oxide) structure”) is a ?lm structure for trap 
electrons. The structure is formed betWeen the silicon pin 3 
and the gate Which Will be formed in a subsequent process. 

Alternatively, a method of implanting oxygen ion into the 
silicon pin 3 in Which the gate on Which a thick tunneling 
oxide ?lm Will be groWn Will be formed, at a controlled 
implantation angle, and oxidiZing the silicon pin 3 may be 
used in order to groW a tunneling oxide ?lm having an asym 
metrical thickness, instead of the method of groWing the 
tunneling oxide ?lm having the same thickness. At this time, 
the implantation angle can be 450 or higher. 

Alternatively, in addition to the method of groWing the 
tunneling oxide ?lm having the same thickness, a method of 
obliquely depositing high-k (a high dielectric constant) mate 
rials With different dielectric constants on both sides of the 
silicon pin 3 (oblique sputtering or evaporation) may be used 
in order to form a tunneling oxide ?lm having an asymmetri 
cal Effective Oxide Thickness (EOT). At this time, the depo 
sition angle may be 450 or greater. 

The high-k material may comprise Al2O3, ZrO2, HfO2 or 
the like. It is preferred that tWo high-k materials used have a 
high dielectric constant ratio. Furthermore, a method of 
obliquely inserting the substrate into a high-k material depo 
sition apparatus or rotating a chuck in Which the substrate is 
mounted may be used instead of the method of obliquely 
depositing the high-k materials. 
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In addition, to capture electrons, a ?oating gate memory 
structure employing silicon, germanium and metal nanocrys 
tal may be used instead of the ONO structure employing the 
nitride ?lm. 

Referring to FIG. 1d, after a gate material 5 is deposited, an 
impurity is implanted in order to form a dual gate having the 
same Work function. 

In the step of implanting the impurity in order to form the 
gate, after an undoped gate material 5 is deposited, an n+ type 
impurity may be implanted into one of the gates at a con 
trolled implantation angle Without an additional mask process 
in order to form the dual gate having an asymmetrical Work 
function. Alternatively, a p+ type impurity may be implanted 
into a gate having a type opposite to an n+ type at a controlled 
implantation angle Without an additional mask process. At 
this time, the implantation angle can be 45° or greater. 

At this time, the gate material 5 may be formed using 
polysilicon. The n type impurity may be As or P. The p type 
impurity may be B or BF2. 

Furthermore, to remove a channeling effect in Which ions 
reach the substrate through the gate When implanting the 
impurity, a step in Which after a screen oxide layer is depos 
ited on the gate, impurity ions With different types are 
implanted and the screen oxide layer is removed may be 
further comprised. 

Furthermore, in the step of forming the gate, a method of 
obliquely depositing metal materials With different Work 
functions on both sides on the basis of the center of the silicon 
pin 3 (oblique sputtering or evaporation) may be employed in 
order to form the dual gate having the asymmetrical Work 
function. At this time, the deposition angle can be 450 or 
higher. The tWo metal materials deposited on both sides on the 
basis of the center of the silicon pin 3 may have a great 
difference in the Work function. 

For example, metal having a Work function of 4 eV or less 
may be deposited on one side on the basis of the center of the 
silicon pin 3, and metal having a Work function of 5 eV or 
higher may be deposited on the other side on the basis of the 
center of the silicon pin 3. 

Even in this case, a method of obliquely inserting the 
substrate into a metal deposition apparatus or rotating a chuck 
in Which the substrate is mounted may be used instead of the 
method of obliquely depositing the metal materials. 

After undoped polysilicon and metal are sequentially 
deposited, impurities having a different n or p type may be 
implanted into both sides on the basis of the center of the 
silicon pin 3 at a controlled impurity implantation angle (large 
angle tilted implantation) and then undergo a subsequent 
thermal process. 

At this time, after the undoped polysilicon is deposited, 
impurities having different types may be implanted into both 
sides of polysilicon (i.e., a gate material) on the basis of the 
center of the silicon pin 3 at a controlled impurity implanta 
tion angle and metal may be deposited on the polysilicon (i.e., 
the gate material). Silicide having different Work functions 
may be then formed using a subsequent thermal process. 

For example, after nickel is deposited on polysilicon into 
Which gates of an n type and a p type are doped at a controlled 
implantation angle, NiSi is formed by a subsequent thermal 
process. Accordingly, a metal electrode having a Work func 
tion of 4 eV can be formed on one side and a metal electrode 
having a Work function of 5 eV can be formed on the other 
side. 

Furthermore, in the step of implanting the impurity in order 
to form the gate, to form an asymmetrical equivalent tunnel 
ing oxide ?lm and a dual gate having an asymmetrical Work 
function, a high concentration impurity of a n+ type may be 
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8 
implanted deep into the silicon pin 3 in Which the gate on 
Which a thin equivalent tunneling oxide ?lm Will be groWn 
Will be formed, at a controlled implantation angle. A loW 
concentration impurity of a p— type may be then implanted 
deep into the silicon pin 3 in Which the gate on Which a thick 
equivalent tunneling oxide ?lm Will be groWn Will be formed 
at a controlled implantation angle. Thereafter, a high concen 
tration impurity of a p+ type may be shalloWly implanted into 
the silicon pin 3 in Which the same gate Will be formed at a 
controlled implantation angle. At this time, the implantation 
angle of each impurity can be 450 or higher. A gate doping 
concentration at the p— and p+ dual implanted PMOS inter 
face is loW compared With NMOS implanted With an n+ type 
of su?icient concentration and energy. Accordingly, a poly 
depletion effect is greatly generated in the p— and p+ dual 
implanted PMOS interface. As a result, an equivalent tunnel 
ing oxide ?lm thickness of the gate of PMOS is thicker than 
that of NMOS. 
On the other hand, to form a dual gate having a symmetrical 

Work function to an asymmetrical equivalent tunneling oxide 
?lm, a high concentration impurity of a p+ type may be 
implanted deep into the silicon pin 3 in Which the gate on 
Which a thin equivalent tunneling oxide ?lm Will be groWn 
Will be formed, at a controlled implantation angle. A loW 
concentration impurity of a n— type may be then implanted 
deep into the silicon pin 3 in Which the gate on Which a thick 
equivalent tunneling oxide ?lm Will be groWn Will be formed 
at a controlled implantation angle. Thereafter, a high concen 
tration impurity of a n+ type may be shalloWly implanted into 
the silicon pin 3 in Which the same gate Will be formed at a 
controlled implantation angle. 

Referring to FIG. Ie, the gate material 5 remaining on the 
top of the silicon pin 3 is etched by Chemical Mechanical 
Polishing (CMP), thereby separating the combined gate. The 
gate mask 6 is then patterned in order to form a gate region. 
As shoWn in FIG. 1], the gate region is formed using the 

patterned gate mask 6. At this time, the gate material 5 may be 
selectively etched using an oxide ?lm Which is formed When 
the tunneling oxide ?lm is groWn on the silicon region 3. 
An impurity is then implanted in order to form source/drain 

regions. 
At this time, to form asymmetrical source/drain regions, a 

method of implanting an impurity only in one direction on the 
basis of the source/drain regions may be used. An implanta 
tion angle can be 450 or less. 

Through the above process, the multi-bit non-volatile 
memory device having the dual gate according to an embodi 
ment of the present invention is completed as shoWn in FIG. 
1g. 

FIG. 2a is a cross-sectional vieW of a 2-bit non-volatile 
memory device of the dual gate structure, Which employs 
local charge trap and normal/reverse direction read condi 
tions, according to a ?rst embodiment of the present inven 
tion, FIG. 2b is a table illustrating program/erase/read condi 
tions for an operation, and FIG. 20 is a graph illustrating 
voltage and current characteristics depending on logic values. 

There is shoWn in FIG. 2a the cross-sectional vieW of the 
2-bit non-volatile memory device in Which electric charges 
are trapped by employing a shape in Which a silicon pin 23 is 
formed in H form and the comers of the silicon pin 23 are 
surrounded by a dual gate 25 and an ONO structure formed 
betWeen the dual gate 25 and the silicon pin 23. 

In this structure, electrons are locally trapped at the corners 
2A, 2B, 2C and 2D of the silicon pin 23 in the program 
operation due to hot electron injection by using a phenom 
enon in Which an E-?eld is concentrated on the comers of the 
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silicon pin 23 and a phenomenon in Which more hot carrier 
injection is generated as the silicon pin 23 becomes thick. 

The dual gate 25 is applied With the same voltage. A case 
Where electrons are trapped at the drain (23b)-side silicon 
corners 2C, 2D Will be de?ned as “Bitl” and a case Where 
electrons are trapped at the source (23a)-side silicon comers 
2A, 2B Will be de?ned as “Bit2”. 

FIG. 2b is a table illustrating program (P)/erase (E)/read 
(R) conditions for an operation. The parameters may be 
de?ned as folloWs. 
A voltage applied to the dual gate 25 for the program 

operation Will be de?ned as “VWP”. 
A voltage applied to the source 2311 or the drain 23b for the 

program operation Will be de?ned as “VBP”. 
A voltage applied to the dual gate 25 for the erase operation 

Will be de?ned as “VWE”. 
A voltage applied to the source 2311 or the drain 23b for the 

erase operation Will be de?ned as “VBE”. 
A voltage applied to the dual gate 25 for the read operation 

Will be de?ned as “VWR”. 
A voltage applied to the source 2311 or the drain 23b for the 

read operation Will be de?ned as “VDD” 
The program operation employs a method of generating 

hot electrons by applying a high VBP voltage to a place (the 
drain or source side) Where the hot electrons Will be trapped 
and dragging hot electrons generated by applying a high gate 
voltage toWard the dual gate 25 Whereby the electrons are 
trapped at the nitride ?lm of the source (2311) or drain (23b) 
side silicon corners. 
The erase operation employs a method of applying a high 

VBE voltage to a place (the drain or source side) Where elec 
trons Will be trapped, applying a minus voltage to the dual 
gate 25 so that electrons generated by band-to-band (BTB) 
tunneling are pulled toWard the dual gate 25, Whereby the 
electrons are trapped at the nitride ?lm of the source (2311) or 
drain (23b)-side silicon corners and are recombined With 
exist trapped electrons. 

The read operation may be divided into normal (VD>VS) 
and reverse direction read (V D<VS) methods. To read Bitl in 
Which electrons are trapped at the drain (23b)-side silicon 
corners 2C, 2D, the reverse direction read method having a 
direction opposite to that of the operating voltage (V D>VS) of 
the program is employed. To read Bit2 in Which electrons are 
trapped at the source (23a)-side silicon comers 2A, 2B, the 
normal direction read method having a direction opposite to 
that of the program operating voltage (V D<VS) is employed. 

Assuming that a threshold voltage When a region Where 
electrons are trapped through the program operation is 
applied With ground and a region Where electrons are not 
trapped is applied With the operating voltage (VDD) is “VTRZ” 
and a threshold voltage before the program is “VTRI”, and a 
threshold voltage When a region Where electrons are trapped 
through the program operation is applied With the operating 
voltage (V DD) and a region Where electrons are not trapped is 
applied With the ground is “VTRZ” and a threshold voltage 
before the program is “VIM”, a method satisfying the fol 
loWing Equation may be employed. 

VTR2_ VTRl> V2112- Vzm [Equation 1] 

This principle has been knoWn as a method called “source/ 
drain sWapping” for determining Whether the hot carrier 
effect has occurred. The gate voltage (VWR) is a voltage for 
the read operation and is therefore loWer than the voltage 
(VWP) used to inject hot electrons. 

FIG. 20 is a graph illustrating voltage and current charac 
teristics depending on logic values. In this graph, it is 
assumed that an amount of electrons trapped at the source 
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10 
(23a)-side silicon comers 2A, 2B corresponding to “bit2” is 
smaller than an amount of electrons trapped at the drain 
(23b)-side silicon comers 2C, 2D corresponding to “bitl”. 

Therefore, logic “00” shoWs a similar threshold voltage as 
that of the erase condition since an amount of electrons 
trapped at the oxide ?lm interface or the nitride ?lm of the 
source (23a)-side silicon corners 2A, 2B and the drain (23b) 
side silicon comers 2C, 2D is very small. Furthermore, in 
logic “00”, since the electron trap condition is the same as the 
doping pro?le of the drain 23b and the source 2311, the thresh 
old voltage is the same in the normal direction read and the 
reverse direction read. 

Logic “01” corresponds to a case Where electrons are 
trapped at the oxide ?lm interface or the nitride ?lm of the 
source (23a)-side silicon corners 2A, 2B corresponding to 
“bit2” (upon program, VD<VS). An increase in the threshold 
voltage is greater in the normal direction read (V D>VS) than 
in the reverse direction read (V D<VS). 

Logic “10” corresponds to a case Where electrons are 
trapped at the oxide ?lm interface or the nitride ?lm of the 
drain (23b)-side silicon corners 2C, 2D corresponding to 
“bitl” (upon program, VD>VS). An increase in the threshold 
voltage is greater in the reverse direction read (V D<VS) than 
in the normal direction read (V D>V S). Furthermore, since the 
amount of electrons trapped at the drain (23b)-side silicon 
corners 2C, 2D corresponding to “bitl” is greater than the 
amount of electrons trapped at the source (23a)-side silicon 
corners 2A, 2B corresponding to “bit2”, the threshold voltage 
is higher in logic “10” than in logic “01”. 

Logic “1 1” corresponds to a case Where electrons are 
trapped at the oxide ?lm interface or the nitride ?lm of the 
drain 23b and source (23a)-side silicon comers 2A, 2B. 2C 
and 2D corresponding to “bitl” and “bit2”. In the read opera 
tion, the threshold voltage is the highest. Furthermore, since 
the amount of electrons trapped at the drain (23b)-side silicon 
corners 2C, 2D corresponding to “bitl” is greater than the 
amount of electrons trapped at the source (23a)-side silicon 
corners 2A, 2B corresponding to “bit2”, an increase in the 
threshold voltage is greater in the reverse direction read 
(V D<VS) than in the normal direction read (VD>VS). 

Accordingly, for the purpose of the 2-bit operation employ 
ing the memory structure of FIG. 2a, respective logics can be 
easily determined by using the normal direction or reverse 
direction condition When reading logic “00”, the normal 
direction read condition When reading logic “01”, and the 
reverse direction condition When reading logic “ l 0” and logic 
“1 1”. 

FIG. 3a is a cross-sectional vieW of a 2-bit non-volatile 
memory device of the dual gate structure, Which employs 
local charge trap and only a normal direction read condition 
according to an embodiment of the present invention, FIG. 3b 
is a table illustrating program/erase/read conditions for an 
operation, and FIG. 30 is a graph illustrating voltage and 
current characteristics depending on logic values. 

There is shoWn in FIG. 3a the cross-sectional vieW of the 
2-bit non-volatile memory device in Which electric charges 
are trapped by employing a shape in Which a silicon pin 33 is 
formed in H form and the comers of the silicon pin 33 are 
surrounded by a dual gate 35 and an ONO structure formed 
betWeen the dual gate 35 and the silicon pin 33. 
The structure of the 2-bit the non-volatile memory device 

shoWn in FIG. 3a is a structure in Which the same voltage is 
applied to the dual gate 35 and is thus similar to that of FIG. 
2a. In this structure, hoWever, the source (3311) and drain 
(33b) regions are asymmetrically formed and only the drain 
(33b) region employs a phenomenon in Which charges are 
trapped at the corners of the silicon pin 33. In addition, since 
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the drain (33b)-side silicon pin 33 is thicker than the source 
(33a)-side silicon pin 33, more hot carriers can be injected. 

Therefore, an amount of electrons trapped at a local oxide 
?lm interface or a nitride ?lm (i.e., the drain (33b)-side junc 
tion edges 3C, 3D) corresponding to “bitl” is greater than an 
amount of electrons trapped at an oxide ?lm interface or 
nitride ?lm (i.e., the source (33a)-side junction edges 3A, 3B) 
corresponding to “bit2”. 

FIG. 3b is a table illustrating program (P)/erase (E)/read 
(R) conditions for an operation. The parameters and operating 
principle are the same as those of FIG. 2b. 

The structure of FIG. 2a is a symmetric source/drain struc 
ture in Which a difference betWeen amounts of electrons 
trapped at the oxide ?lm interface or the nitride ?lm (i.e., the 
junction edges 2A, 2B, 2C and 2D on the part of the source 
23a and the drain 23b) is not great, Whereas the structure of 
FIG. 3a is an asymmetric source/drain structure in Which a 
difference betWeen an amount of electrons trapped on the 
drain (33b) side and an amount of electrons trapped on the 
source (3311) side is great. Accordingly, the Whole read speed 
can be increased by employing only the normal direction read 
(i.e., l-read condition not 2-read condition employing both 
the normal and reverse directions). 

FIG. 30 is a graph illustrating voltage and current charac 
teristics depending on logic values. In this graph, it is 
assumed that an amount of electrons trapped at the local oxide 
?lm interface or the nitride ?lm of the source (33a)-side 
junction edges 3A, 3B corresponding to “bit2” is smaller than 
an amount of electrons trapped at the local oxide ?lm inter 
face or the nitride ?lm of the drain (33b)-side junction edges 
3C, 3D corresponding to “bitl”. 

In this case logic “00” shoWs a threshold voltage similar to 
that of the erase condition over the Whole device since the 
amount of electrons trapped at the local oxide ?lm interface or 
the nitride ?lm of the source (33a)-side junction edges 3A, 3B 
and the drain (33b)-side junction edges 3C, 3D is very small. 

Logic “01” corresponds to a case Where electrons are 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the source (33a)-side junction edges 3A, 3B corresponding to 
“bit2”. Accordingly, a threshold voltage is higher in logic 
“01” than in logic “00” in the read operation. 

Logic “10” corresponds to a case Where electrons are 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the drain (33b)-side junction edges 3C, 3D corresponding to 
“bitl”. The amount of electrons trapped at the drain (33b) 
side silicon comer corresponding to “bitl ” is greater than the 
amount of electrons trapped at the source (3a)-side silicon 
corner corresponding to “bit2” by Way of the corner effect and 
Wide ?n effect. Accordingly, a threshold voltage is higher in 
logic “10” than in logic “01”. 

Logic “1 l” corresponds to a case Where electrons are 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the drain (33b) and source (33a)-side junction edges 3A, 3B, 
3C and 3D) corresponding to “bitl ” and “bit2”. An increase in 
the threshold voltage is the highest in the read operation. 

Therefore, the above-mentioned structure of the non-vola 
tile memory device employs the normal direction read by 
using an asymmetric source/ drain structure in Which a differ 
ence betWeen the amounts of electrons trapped at the junction 
edges 3A, 3B, 3C and 3D on the part ofthe source 3311 and the 
drain 33b is great. Accordingly, there is an advantage in that 
the read speed can be improved in comparison With a case 
Where an existing 2-read condition is used. 

FIG. 4a is a cross-sectional vieW of a 3-bit non-volatile 
memory device of the dual gate structure, Which employs 
local charge trap and normal/reverse direction read condi 
tions, according to an embodiment of the present invention, 
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12 
FIG. 4b is a table illustrating program/erase/read conditions 
for an operation, and FIG. 40 is a graph illustrating voltage 
and current characteristics depending on logic values. 

FIG. 4a shoWs the cross-sectional vieW of the 3-bit non 
volatile memory device in Which electric charges are trapped 
by employing a shape in Which a silicon pin 43 is formed in H 
form and the comers of the silicon pin 43 are surrounded by 
a dual gate 45, an ONO structure sequentially formed 
betWeen the dual gate 45 and the silicon pin 43, in the same 
manner as the structure shoWn in FIG. 3a, and an asymmetric 
source/drain structure. 

FIG. 4b is a table illustrating program (P)/erase (E)/read 
(R) conditions for an operation. Regarding the parameters 
and operating principle, the normal direction and the reverse 
direction read (i.e., the 2-read condition) are employed in the 
same manner as FIG. 2b. 

The structure of the non-volatile memory device shoWn in 
FIG. 411 has the asymmetrical source/ drain structure. Accord 
ingly, a difference betWeen an amount of electrons trapped at 
the drain 43b and an amount of electrons trapped at the source 
4311 can be increased. The 3-bit operation can be performed 
employing the 2-read condition. 

FIG. 40 is a graph illustrating voltage and current charac 
teristics depending on logic values. In FIG. 40, the amount of 
electrons trapped at the local oxide ?lm interface or the nitride 
?lm of the source (43a)-side junction edges 4A, 4B corre 
sponding to “bit2” is smaller than the amount of electrons 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the drain (43b)-side junction edges 4C, 4D corresponding to 
“bitl”. 

Therefore, logic “00” shoWs a threshold voltage similar to 
that of the erase condition over the Whole device since the 
amount of electrons trapped at the local oxide ?lm interface or 
the nitride ?lm of the source (43a) and drain (43b)-side junc 
tion edges 4A, 4B, 4C and 4D is very small. At this time, 
threshold voltages are different from each other in the normal 
direction read condition (i.e., logic “l00”) and the reverse 
direction read condition (i.e., logic “000”) since the drain 
(43b) and source (43a)-side doping pro?les employ different 
asymmetrical structures. 

Logic “01” corresponds to a case Where electrons are 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the source (43a)-side junction edges 4A, 4B (i.e., bit2) (upon 
program, VD<VS). In this case, an increase in the threshold 
voltage is greater in the normal direction read (V D>VS) (i.e., 
logic “l0l”) than in the reverse direction read (VD<VS) (i.e., 
logic “00l”). 

Logic “10” corresponds to a case Where electrons are 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the drain (43b)-side junction edges 4C, 4D (i.e., bitl) (upon 
program, VD>VS). In this case, an increase in the threshold 
voltage is greater in the reverse direction read (V D<VS) (i.e., 
logic “0l0”) than in the normal direction read (VD>VS) (i.e., 
logic “1 10”). Furthermore, the amount of electrons trapped at 
the drain (43b)-side silicon corners 4C, 4D corresponding 
“bitl” is greater than the amount of electrons trapped at the 
source (43a)-side silicon corners 4A, 4B corresponding to 
“bit2” due to the corner effect and the Wide ?n effect of the 
silicon pin. Accordingly, a threshold voltage is higher in logic 
“10” than in logic “01” and an amount of the threshold volt 
age in logic “10” is greater than a difference in the threshold 
voltage of FIG. 20. 

Logic “1 l” corresponds to a case Where electrons are 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the drain (43b) and source (43a)-side junction edges 4A, 4B, 
4C and 4D corresponding to “bitl” and “bit2”. An increase in 
the threshold voltage is the highest in the read operation. 
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Furthermore, the amount of electrons trapped at the drain 
(43b)-side junction edges 4C, 4D corresponding to “bitl” is 
greater than the amount of electrons trapped at the source 
(43a)-side junction edges 4A, 4B corresponding to “bit2” 
Accordingly, an increase in the threshold voltage is greater in 
the reverse direction read (VD<VS) (i.e., logic “01 l”) than in 
the normal direction read (V D>VS) (i.e., logic “1 l l”). 

Accordingly, the non-volatile memory device that operates 
as described above can have a 3-bit operation characteristic 
by employing the asymmetrical source/drain structure in 
Which a difference betWeen the amounts of electrons trapped 
at the source (43a)- and drain (43b)-side junction edges 4A, 
4B, 4C and 4D is great, and the normal direction read and 
reverse direction read conditions. 

FIGS. 5a and 5b are a cross-sectional vieW of a 4-bit 
non-volatile memory device of the dual gate structure, Which 
employs local charge trap and normal/reverse direction read 
conditions, according to an embodiment of the present inven 
tion, and a table illustrating program/read conditions for an 
operation. 

FIG. 5a shoWs the cross-sectional vieW of the 4-bit non 
volatile memory device in Which electrons are trapped by 
employing a shape in Which a silicon pin 53 is formed in H 
form and the comers of the silicon pin 53 are surrounded by 
dual gates 55a, 55b, an ONO structure sequentially formed 
betWeen the dual gates 55a, 55b and the silicon pin 53, and a 
symmetric source/drain structure. 
The 4-bit non-volatile memory device has the same con 

struction as that of FIG. 2a, but has a structure in Which 
different voltages can be applied to the dual gates 55a, 55b. 
Therefore, it is assumed that a case Where electrons are 
trapped at the oxide ?lm interface or the nitride ?lm of the 
drain (53b)-side silicon comer 5C ofthe gate1 55a is “Bitl”, 
a case Where electrons are trapped at the oxide ?lm interface 
or the nitride ?lm of the source (53a)-side silicon comer 5A of 
the gate1 55a is “Bit2”, a case Where electrons are trapped at 
the oxide ?lm interface or the nitride ?lm of the drain (53b) 
side silicon comer SD of the gate2 55b is “Bit3”, and a case 
Where electrons are trapped at the oxide ?lm interface or the 
nitride ?lm of the source (53a)-side silicon comer 5B of the 
gate2 55b is “Bit4”. 

FIG. 5b is a table illustrating program (P)/erase (E)/read 
(R) conditions for the operation of the non-volatile memory 
device shoWn in FIG. 5a. The parameters can be de?ned as 
folloWs. 
A threshold voltage of the gate1 5511 Will be de?ned as 

“Vn”. 
A threshold voltage of the gate2 55b Will be de?ned as 

“VD”. 
A voltage applied to the gate1 55a for the program opera 

tion Will be de?ned as “VWPI”. 
A voltage applied to the gate2 55b for the program opera 

tion Will be de?ned as “VWPZ”. 
A voltage applied to the drain 53b or the source 55a for the 

program operation Will be de?ned as “VBP” 
A voltage applied to the gate1 55a for the read operation 

Will be de?ned as “VWRl:VTl+VDD”. 
A voltage applied to the gate2 55b for the read operation 

Will be de?ned as “VWR2:VI2+VDD”. 
A voltage applied to the drain 53b or the source 53a for the 

read operation Will be de?ned as “VDD”. 
In a similar Way as the structure of FIG. 2a, the symmetric 

source/drain structure in Which the amounts of electrons 
trapped at the local oxide ?lm interface or the nitride ?lm of 
the source (53a)- and drain (53b)-side junction edges 5A, 5B, 
5C and 5D is not great is employed. Accordingly, to classify 
bitl and bit2, and bit3 and bit4, VT-WindOW of each logic 
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14 
value is Widened by employing both the normal direction read 
condition and the reverse direction read condition (i.e., 2-read 

condition). 
Therefore, in the 4-bit non-volatile memory device shoWn 

in FIG. 5a, the voltages applied to the gate1 55a and the gate2 
55b can be controlled. Accordingly, the 4-bit non-volatile 
memory device has a 4-bit operating characteristic by divid 
ing an amount of electrons trapped at the source 53a of the 
gate1 55a and an amount of electrons trapped at the source 
5311 of the gate2 55b. Furthermore, to solve a problem in 
Which it is dif?cult to divide bitl and bit2, and bit3 and bit4 
using the symmetrical source/drain structure, the normal 
direction read condition and the reverse direction read con 
dition are employed so that respective logics can be easily 
classi?ed. 

To increase a difference in the threshold voltage of bitl 
controlled by the gate1 55a and bit3 controlled by the gate2 
55b, or bit2 controlled by the gate1 55a and bit4 controlled by 
the gate2 55b, a method of forming an asymmetrical tunnel 
ing oxide ?lm thickness by injecting oxygen ion into the 
silicon pin 53 Where the gate on Which a thick tunneling oxide 
?lm Will be groWn Will be formed, a method (oblique sput 
tering or evaporation) of obliquely depositing high-k materi 
als With different dielectric constants on both sides of the 
silicon pin 53 in order to form a tunneling oxide ?lm having 
an asymmetrical EOT, a method of employing the poly deple 
tion effect by differentiating the doping pro?les of the gate on 
both sides in order to form an asymmetrical tunneling oxide 
?lm or the like may be used. Alternatively, a method of 
implanting a n+ type impurity into one of gates at a controlled 
implantation angle and implanting a p+ type impurity into the 
other of the gates at a controlled implantation angle Without 
an additional mask process so that the gates have different 
thresholdvoltages using asymmetric dual gate structures hav 
ing different Work functions or a method (oblique sputtering 
or evaporation) of obliquely depositing metal materials With 
different Work functions on both sides of the silicon pin 53 
may be employed. 

FIGS. 6a and 6b are a cross-sectional vieW of a 4-bit 
non-volatile memory device of the dual gate structure, Which 
employs local charge trap and only a normal direction read 
condition, according to an embodiment of the present inven 
tion, and a table illustrating program/read conditions for an 
operation. 

FIG. 6a shoWs the cross-sectional vieW of the 4-bit non 
volatile memory device in Which electrons are trapped by 
employing a shape in Which a silicon pin 63 is formed in H 
form and central comers of the silicon pin 63 are surrounded 
by dual gates 66a, 65b, an ONO structure sequentially formed 
betWeen the dual gates 66a, 65b and the silicon pin 63, and an 
asymmetric source/drain structure. 
The 4-bit non-volatile memory device has the same con 

struction as that of FIG. 3a, but has a structure in Which 
different voltages can be applied to the dual gates 66a, 65b. 
Therefore, it is assumed that a case Where electrons are 
trapped at the oxide ?lm interface or the nitride ?lm of the 
drain (63b)-side silicon comer 6C ofthe gate1 65a is “Bitl”, 
a case Where electrons are trapped at the oxide ?lm interface 
or the nitride ?lm of the source (63a)-side silicon comer 6A of 
the gate1 65a is “Bit2”, a case Where electrons are trapped at 
the oxide ?lm interface or the nitride ?lm of the drain (63b) 
side silicon comer SD of the gate2 65b is “Bit3”, and a case 
Where electrons are trapped at the oxide ?lm interface or the 
nitride ?lm of the source (63a)-side silicon comer 6B of the 
gate2 65b is “Bit4”. 
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FIG. 6b is a table illustrating program (P)/erase (E)/read 
(R) conditions for an operation. The parameters and operating 
principle are the same as those in FIG. 5b. 

The structure of the non-volatile memory device shoWn in 
FIG. 611 has an asymmetrical source/ drain structure. Accord 
ingly, a difference betWeen an amount of electrons trapped at 
the drain 63b and an amount of electrons trapped at the source 
6311 can be made great. This can increase the read speed by 
using only the normal direction read condition (i.e., l-read 
condition not 2-read condition). 

Therefore, in the 4-bit non-volatile memory device shoWn 
in FIG. 6a, the voltages applied to the gate1 66a and the gate2 
65b can be controlled. Accordingly, the 4-bit non-volatile 
memory device has a 4-bit operating characteristic by divid 
ing an amount of electrons trapped at the source 6311 of the 
gate1 66a and an amount of electrons trapped at the source 
6311 of the gate2 65b. Furthermore, a difference betWeen 
bitl/bit2 and bit3/bit4 can be discriminated using the asym 
metrical source/drain structure in the normal direction read 
operation. 
A method of increasing a difference in the threshold volt 

age of bitl controlled by the gate1 66a and bit3 controlled by 
the gate2 65b, or bit2 controlled by the gate1 66a and bit4 
controlled by the gate2 65b is as folloWs. A method of form 
ing an asymmetrical tunneling oxide ?lm thickness by inject 
ing oxygen ion into the silicon pin 63 Where the gate on Which 
a thick tunneling oxide ?lm Will be groWn Will be formed, a 
method (oblique sputtering or evaporation) of obliquely 
depositing hi gh-k materials With different dielectric constants 
on both sides of the silicon pin 63 in order to form a tunneling 
oxide ?lm having an asymmetrical EOT, a method of employ 
ing the poly depletion effect by differentiating the doping 
pro?les of the gate on both sides in order to form an asym 
metrical tunneling oxide ?lm or the like may be used. Alter 
natively, a method of implanting a n+ type impurity into one 
of gates at a controlled implantation angle and implanting a 
p+ type impurity into the other of the gates at a controlled 
implantation angle Without an additional mask process so that 
the gates have different threshold voltages using asymmetric 
dual gate structures having different Work functions or a 
method (oblique sputtering or evaporation) of obliquely 
depositing metal materials With different Work functions on 
both sides of the silicon pin 63 may be employed. 

FIGS. 7a and 7b are a cross-sectional vieW of a 5-bit 
non-volatile memory device of the dual gate structure, Which 
employs local charge trap and normal/reverse direction read 
conditions, according to an embodiment of the present inven 
tion, and a table illustrating program/read conditions for an 
operation. 

Referring to FIG. 7a, the non-volatile memory device has 
a silicon pin 73 formed in H form. The non-volatile memory 
device has the same construction as that of FIG. 6a, in Which 
different voltages can be applied to dual gates 75a, 75b, by 
using a shape in Which corners of the silicon pin 73 is sur 
rounded by the dual gate 75a, 75b, an ONO structure sequen 
tially formed betWeen the dual gates 75a, 75b and the silicon 
pin 73, and an asymmetrically formed source/drain structure. 

Therefore, it is assumed that a case Where electrons are 
trapped at the oxide ?lm interface or the nitride ?lm of the 
drain (73b)-side silicon comer 7C of the gate1 75a is “Bitl”, 
a case Where electrons are trapped at the oxide ?lm interface 
or the nitride ?lm of the source (73a)-side silicon comer 7A of 
the gate1 75a is “Bit2”, a case Where electrons are trapped at 
the oxide ?lm interface or the nitride ?lm of the drain (73b) 
side silicon comer SD of the gate2 75b is “Bit3”, and a case 
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Where electrons are trapped at the oxide ?lm interface or the 
nitride ?lm of the source (73a)-side silicon comer 7B of the 
gate2 75b is “Bit4”. 

FIG. 7b is a table illustrating program (P)/read (R) condi 
tions for the operation of the non-volatile memory device 
shoWn in FIG. 7a. 
At this time, the parameters and operating principle 

employ the normal direction and reverse direction read con 
ditions (i.e., 2-read condition), Which are the same as those of 
FIG. 5b. In other Words, the non-volatile memory device 
shoWn in FIG. 7a employs the asymmetrical source/drain 
structure. Accordingly, a difference betWeen an amount of 
electrons trapped at the drain (73b)-side silicon comers 7C, 
7D as in bitl/bit3 and an amount of electrons trapped at the 
source (73a)-side silicon comers 7A, 7B as in bit2/bit4. 
Therefore, the non-volatile memory device shoWn in FIG. 711 
can have a 5-bit operation employing 2-read condition. 

While the present invention has been described With refer 
ence to the particular illustrative embodiments, it is not to be 
restricted by the embodiments but only by the appended 
claims. It is to be appreciated that those skilled in the art can 
change or modify the embodiments Without departing from 
the scope and spirit of the present invention. 
As described above, in accordance With a method of manu 

facturing a multi-bit non-volatile memory device having a 
dual gate structure according to the present invention, the 
process is simple, reappearance is high and high-integration 
is possible since a FinFET of a 3 dimensional structure is 
employed. In addition, there is an advantage in that the 
method of the present invention is compatible With an existing 
silicon device fabrication process. 

Furthermore, multi-bit devices can be fabricated, the per 
formance of devices can be improved and the siZe of memory 
devices can be continuously reduced. Accordingly, the 
present invention is advantageous in that it can contribute to 
the developments of next-generation memories. In addition, 
since multi-bit devices of a high density can be integrated, the 
siZe of memory devices can be continuously reduced and 
terra-grade memory devices can be developed accordingly. 
Accordingly, the present invention greatly affects an overall 
semiconductor industry. 
What is claimed is: 
1. A multi-bit non-volatile memory device having a dual 

gate structure, comprising: 
a silicon substrate; 
a loWer insulating ?lm formed over the silicon substrate; 
a silicon layer formed over the loWer insulating ?lm and, 

having a silicon pin at the center of the silicon layer in 
Which a source region and a drain region are formed on 
both sides of the silicon pin and the silicon pin is formed 
to have a shape having corners; 

sequentially formed tunneling oxide ?lm, electron trap 
?lm and a control oxide ?lm positioned relative to the 
center of the silicon pin; 

gate material over the control oxide ?lm; and 
Wherein the source and drain regions are asymmetrically 

formed in a silicon channel and the silicon pin is formed 
to have a Wider region at the source region than at the 
drain region. 

2. The memory device of claim 1, Wherein each of the 
tunneling oxide ?lms on both sides of the silicon pin has 
different Widths or dielectric constants. 

3. The memory device of claim 1, Wherein the tunneling 
oxide ?lm has asymmetrical thickness or dielectric constants. 

4. A method of operating a memory device, comprising: 
in a multi-bit non-volatile memory device having a dual 

gate structure, 




